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PREFACE 


These rules and instructions are complementary to the ^'Eules 
for the Revision of Maps and Records The technical portions 
are taken from the Instructions for Survey of Villages written 
by Mr. G. B. Scott, Superintendent, Land Records Surveys in these 
Provinces, and published in 18^5. ‘ 




PART I 


Rules and Instructions for District Officer or Record Officer ; for the 
Survey Expert and Inspectors 

1. List of villages and patwari circles . — The Survey Expert or 
qanungo in charge wiR prepare from the List I prescribed in the first 
chapter of the Rules for the Revision of Maps and Records, (a) a list 
of villages, (6) a list of patwari circles, in which survey is required. He 
will further prepare a list of the patwaris and qanungos concerned ; 
and a second list of candidates for survey-training, including patwaris** 
heirs, candidates for qanungoships, and qanungos, or others who are 
to be deputed from other districts or tahsils. 

2. Index to circles . — will next prepare in duplicate on the 
pargana maps an index of the patwari circles and villages in which 
survey is required. Such circles and villages should be outlined in 
distinctive colours. 

3. Programme . — ^Having ascertained the extent of the work before 
him, the Survey Expert or qanungo in charge will prepare a programme 
for the approval of the District or Record Officer. He will aim at com- 
pleting the field work by the 15th of March. He will estimate the 
number of (a) inspectors, (6) surveyors required. A surveyor is required 
on the average to survey 500 acres a month, including the survey of 
the boundaries, and the division of the villages into quadrilaterals* 
One inspector is required to supervise about 12 surveyors. A margin 
of 10 per cent, may be allowed to cover accidents due to sickness, 
or to the necessity of condemning and re-doing bad work. The Survey 
Expert will first select as many patwaris as are competent or can be 
trained to be competent to do the internal survey, if they are provided 
with an accurate plane table (rule 22) or theodolite traverse (rule 24); 
and when he has exhausted the number of competent patwaris, he will 
estimate the number of amins required, and after obtaining the appro- 
val of the District or Record Officer, proceed to engage them. Simi- 
larly, he will select as many qanungos as he can, who are capable of 
supervising the work of the surveyors ; if more inspectors are required, 
he will obtain the approval of the District or Record Officer, and pro- 
ceed to engage them. 

Traverse swrvey . — ^The first step is to obtain an accurate 
traverse of each village, where survey is required. This work is not 
within the competence of ordinary amins, or of any but extraordinary 
patwaris. But it is within the competence of qanungos, who possess 
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a good knowledge of survey, and of the better amins, and of all who 
are fit for the post of inspectors. If a theodolite traverse exists 
already, it will only be necessary to test it (rule 24), and to correct any 
errors which may be found. If there is no theodolite traverse, it will 
be necessary to make a plane table traverse for each village, in which 
burvey is required. The method of doing this is described in rule 22. 
As the internal survey cannot be commenced until the traverse of 
at least one village for each surveyor is completed, and as the accuracy 
of the internal survey is dependent on the accuracy of the traverse, 
the selection of men who are competent to test or to prepare the 
traverse (as the case may be) is of the first importance. Unless he 
is satisfied that he has already a sufficient number of men, who are 
competent to do this work, the Survey Expert must form one or 
more classes — not more than 10 men in a class — of his most promising 
inspectors and surveyors, and take them out to a village and in their 
presence himself test the traverse or prepare a new one, suh-divide 
and plot the village into quadrilaterals, and survey the boundary. 
He will then, in the same or another village, make each member of 
the class, do this work, and will not send any man out to test or 
prepare a traverse, until he is satisfied that he is competent to do 
it. When there is a large area to be surveyed, and a large number 
of traverse surveyors are required, the Survey Ex^Dert may form two or 
more classes simultaneously, if he can find competent instructors 
and a sufficient number of pupils who have already sufficient knowledge 
of survey to learn the traverse work. 

•Having obtained his traverse surveyors, the Survey Expert will 
distribute the work among them in. such a manner that the traverse 
of at least on© village for each of his ordinary surveyors may be ready 
with the least possible delay. 

5. Training of ordinary surveyors , — ^At the same time as the 
traverse surveyors are being selected and trained, and while the tra- 
verse of the first batch of villages is being tested or prepared, the Sur- 
vey Expert will organize classes of the patwaris and amins whom he 
has selected to do the internal survey. If there are not sufficient 
inspectors free for the work of instructions, the instructors will be 
chosen from among the most experienced amins. 

Not more than 15 men should be included in a class. Plots of 6 
or 8 small villages must be chosen in convenient centres, near roads, 
and the classes with full equipment must be sent to these centres. 
Patwaris who have been selected should be kept, as far as possible, 
in their own qanungo’s circle. The instructor will then choose a 
village, and in the presence of his class, first prepare a traverse, unless 
onOiexists already, and then sub-divide and plot the village into quadri- 
laterals, survey the boundary, and complete the detail survey of one 
or more quadrilaterals, also a portion of any intricate work that 
may fall within the plot, as a stream, village site, block of fields 
enclosed in jungle or ravin ous ground, which necessitates the use 
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of sighting rule. He will next choose the more intelligent of the amins 
and patwaris, and make them survey other quadrilaterals in the same 
village on duplicate plots, the rest attending one or other of those 
surveying, and the instructor visiting and testing the work of each 
in turn. As each member of the class is considered sufficiently ad- 
vanced to do so, he will be provided with the plot and khaJca of one of 
the other villages chosen, or a section of it, and be made to survey 
it independently. As soon as all are provided with plots, the instructor 
will visit e.ach village in turn, and give such other instructions as are 
necessary, especially testing the position of quadrilateral stations, 
the recorded measurements on khaka, and the plotting from hhalca 
on plan, and will run check lines across the work done. 

6. Distribution of mrveyors. — ^As soon as each member of the 
class is considered competent to work independently, he will, if he is 
an amin, be sent to whatever village the Survey Expert may select. If 
he is a patwari, he will be sent to survey a village in his own ci rcle. 

A patwari who does a good survey, should receive a liberal reward. 
If there are no villages in his circle to be surveyed, the patwari may be 
employed elsewhere, and will receive the same wages as an amin. 

7. Inspector's duties in checking. — His first duty, when examining 
work, is to check the plotting of quadrilaterals from the hhaka. If the 
plotting is incorrect, he must at once reject the plot and re-do it, testing 
discrepancies on the ground personally. If the quadrilaterals are in- 
correct, the rest of the details cannot possibly be correct. 

He will next examine the boundaries to see that no pillars are 
omitted, next run check lines across completed work, correcting dis- 
crepancies under 10 links, rejecting and rubbing out bad work. 

He must see that the subsidiary {shikmi) lines are run in the 
general direction of the fields, not diagonally across them, and prevent 
superfluous chaining. He must see if alluvial lands have been dis- 
tinguished from permanent. 

Even if the first villages surveyed by surveyors have to be rejected 
and re-surveyed, the experience gained will more than counterbalance 
the loss of time. But an active inspector should discover bad work 
before any large area has been surveyed ; nothing but gross carelessness 
on his part should necessitate the rejection of any large area. AH 
qanungos or inspectors should be thoroughly conversant with the 
method of survey and the ^^instructions’% before being placed in 
charge, and should see these strictly adhered to. 

8. Absence of surveyors. — ^He must at once report the absence 
of any surveyor from his work, for whatever cause, as well as non- 
attendance of village officials when it is their duty to attend, and any 
want of necessary assistance. Before doing so he should proceed to the 
spot, and ascertain the exact circumstances personally. 
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9. Comparison of boundaries and check. — ^When the survey of 
adjoining villages is completed, he will test the common boundaries 
by tracing one and laying it on the other. He must prevent sxirveyors 
hi adjoining villages from making any comparison themselves. He 
must assist lately trained surveyors where the work is intricate, and 
instruct them in their duties, where deficient. He should test each 
surveyor's chain when he visits him, and send his own test chain into 
camp once a week to be tested with standard bars, unless it has been 
tested in the meantime by a surpervising officer. 

10. Supply of plots in advance. — ^He must be careful to see that no 
surveyor is kept idle for want of plots, and should send to office for 
fresh plots some day in advance. 

11* Inspector's final check. — ^As soon as a surveyor reports the 
completion of a plot, he will proceed to the village, run final check 
lines, and make such other examination as he thinks necessary. If he 
considers the work accurate, he will make an entry to that effect on 
the back of the sheet, with date. If he has to reject any work, he will 
note the area and the number of days spent on its survey, and enter 
the report in his fortnightly return of work. 

12. Fortnightly returns of work will be submitted by each surveyor 
to his inspector, so as to reach him at latest on the 9th and 24th of the 
month. The surveyor will give the information required for filling up 
the first five columns of the inspector’s form A. On the 10th and 
25th of each month, the inspector will send into office a consoh'dated 
return in form A, along with the original returns received from his 
surveyors. 

On the same dates, the Survey Expert will submit a diary showing 
the villages which he has visited each day during the previous fort- 
night, and the checking which he has done. 

On the 1st and 16th of each month, the District or Eecord Officer 
will submit, through the Settlement Commissioner or Director of 
Land Records, to the Board of Revenue a return for the district in 
form B. 

13. InMng-up details. — ^Before the plans are sent into office, the 
i^pector will ink-up his cheek lines in blue as well as all conventional 
signs of items other than cultivated fields, and cheek the reference hsts 
as to names of streams, villages, hamlets, fairs, markets, thanas, tahsil, 
temples, schools, dispensaries, post offices, district bungalows, facto- 
ries, ferries, fords, railway stations, etc., and must then send on the 
plans to office at once, not dofernng this till he has several in hand. 

14. ^ Survey Experts final check. — On receipt of plans in office, the 
officer in charge will choose certain villages for checking personally, 
and arrange for all others to be checked independently, either by special 
surveyors entertained for this duty, or by inspectors, or kanungos. In 
the latter case, the inspectors must never be made to run final check 
lines on plans surveyed by men of their own squads. 
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The final check lines to be run will be marked on the Tchokas^ and 
these sent out to the purtallers who must, on no account, be allowed to 
see the completed plans. The purtallers will run check lines in accord- 
ance with those marked on khaica, registering all measurements in 
field-books. On completion, they will plot the check lines, and send 
plot and field-book to ofiSoe to be compared with survey by the officer 
in charge personally. 

The check plots should show complete fields through which the lines 
run, and all other items up to two chains on either side, and not merely 
the field boundary cuttings (Jcatans), To make these more useful, 
and as an extra check on record-writing, the purtaller must number 
the field through which his line passes, and fill up the items required 
on khasra forms. 

15. When work shouH be rejected , — ^Bad work, that is work 
vitiated by wrong plotting of quadrilaterals, should be rej ected and re- 
surveyed entirely on firesh plots, the originals being kept locked up 
in office. When errors are confined within a quadrilateral, that quadri- 
lateral only need be re-surveyed, but more check lines should be run in 
other parts of the plan. Independent final check lines should often 
follow or cross those marked on plans as havmg been run by the ins- 
pector or qanungos during progress of work. 

16. Disputed boundaries, — ^When a disputed boundary has been 
reported to the inspector, he will proceed to the spot and examine both 
lines of boundary. He will then send a report with a tracing of the two 
sets of pillars, and all fields and other items up to 2 chains, or so, on 
either side the disputed tract, to the Survey Expert. 

On receipt, the Survey Expert will compare the tracing with old 
settlement map. If the boundary, according to that, agrees with either 
of those on tracing, he will accept that as the correct boundary, and 
adopt it on the plan. 

If on comparison of fields and other items the old boundary can be 
clearly identified from former map, it will be accepted and adopted, 
whether it agrees with either of those newly laid down, or not. If any 
objection is made by the claimants on either side, they must be referred 
to the District or Record Officer. In such cases, the existence of the 
dispute and names of opposing claimants will be sent to the District or 
Record Officer with a tracing showing the disputed lines of boundary, 
the boundary as taken from the old settlement map, and the fields and 
other items within and contiguous to the disputed tract up to about 2 
chains on either side. 

When there is any doubt as to the exact position of the old boundary, 
the case will be reported to the District or Record Officer for disposal 
with tracings as before. 
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17. Burmyors to accompany officials when settling bouTidaries,--^ 
Survey Experts will appoint experienced surveyors to accompany any 
officer deputed by the District or Becord Officer to dispose of boundary 
disputes^ and correct or re-lay boundaries. The surveyors will give 
all necessary assistance to the official during inquiry, and will make a 
survey of the boundary laid down before returning to office, and get 
that official’s signature as to its correctness. 

18. Supervision of District or Record Officer, — ^The District or 
Becord Officer must satisfy himself that the work is being organized 
systematically, and supervised and checked with thoroughness by the 
Survey Expert and his inspectors. He should himself, whenever 
possible and through his Sub-divisional Officers or Assistant Becord 
Officer, make test checks of the work on the ground. 


work while in progress, and failure in this respect can never be compen- 
sated for by any office check, however careful. 


The Board attach great importance to the personal sustained super- 
n of the Sub-divisional Officer or Assistant Becord Officer over the 
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On the b^k of this form the inspeoto should note in brief his daily movements during the fortnight inform (1) Date, (2) Village, 



FOBM B 

statement of re^BUwey work in tahail for fortnight ending the - — — 

, Number of villages Number of surveyors at work during fortnight * — - 

. Area in acres Standard of wor k 600 acres per jnensen)* 
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— Karguzari of 500 acres per mensem includes the boundai^ khahae and the quadrilateral laying of the area, 
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PART II 


Rales and Instructions for Survey of villages and Description 
of Instruments used 


1. Plans of village lands showing accmately the position, shape,, 
and size of all fields, village sites, streams, limits of jungle, and all 
other items within the boimdaries, may be based on accurate plots 
obtained by theodolite observations and chain measurements, or on 
fairly accurate plots made with plane table and sighting rule observa- 
tions and chain measurements. 

2. Por the continuous su^y of large tracts of counti^ theo dolite 
and chain traver^s, or triangulation can alon,e enstire accuiacy'rbut 
survey of small blocks and for training purposes the plane table and 
chain will suffice. 


3. As traversing with theodolite (or its more or less inaccurate 
substitutes -the prismatic compass, circular protractor, etc.), does not 
fall within the scope of these instructions, the description and use of 
these instruments are omitted. 


4. Most cadastral or field -to fMd survevs are ] 

ate thegdolilijra^^ by 

ment . Theodolite traverse survey stations are placed at intervals on or 
^ear'the village boundaries, and also at convenient distances within 
them, and should also be placed along large streams, and round or 
through any large blocks of jungle lying within them. 

5. On the gipund theodolite ^tions are mjarked by the platforms- 
at tri junctions of village boundaries, by stone pillars, or baked clay 
cylinders- 


The correspon^ng^ points or stations on the plots are usually- 
marked T>y „ indallJ^eles. nonneiteE by JiuiSS^ dil.. .Mue. These 

fised.pQin±s„,oii which to base the__s urvey c>f deta^jhs ex- 
plained in paragraph 24. - — ^ 


Equipment 

6. Equipmeri^Meid surveyors should be supplied with the fol- 
lowing instruments and papers. These should all be carefully 
examined before issue, and a receipt taken from each individual 

1 Plane table with sighting vane or rule. 

1 Chain, full length, with 10 pins. 

2 Half chains with 10 pins, or 20-link offset rods. 



1 Optical square (or cross staff) 

1 Pair compasses, brass, dividers. 

1 Diagonal scale, metal or cardboard. 

1 Offset scale or slip. 

1 Plat ebonite or vrooden ruler. 

1 Magnetic needle, if work is intricate. 

1 Plot of village, or sheet for plot. 

1 Sheet rough paper for Tchalca or duphoate plot. 

Pencil, rubber, pen, etc. 

When employed on regular survey work, he should also be pro- 
vided with the following: 

Reference .list forms. 

Return of work forms. 

Country paper for correspondence. 

Description of Instriunents 

7. Plane tahU — The flane table (Fig. 1) is a leetangular board 
placed over a tripod, to which it can be fixed by a clamping screw, 

through the tribrach, or head of the tripod, into a brass plate 
fixed under the centre of the board. Iron should never be used in the 
construction of a plane table, as it affects the magnetic needle when 
that is used. Before using the plane table the surveyor should see 
that the screws of the tripod and the metal plate under the board are 
firm and that the board when clamped to the tripod does not move or 
wobble. 

Before beginning work the plotted sheet, or sheet of paper for the 
should be firmly fixed on the board, this may be done -with ordi- 
nary drawing pins when the work is likely to be completed in a few 
davs. In regular field surveys it is usual to paste thin strips of fine 
TOtton cloth along the edges of the sheet, and fix this on the board by 
pasting these strips on to it. 

In topographical and small scale surveys when the work of weeks 
or montbe may fit on one sheet, greater care is taken. The paper 
KpiiT^g fii 3 u fixed on fine cotton cloth, and when dry, the cloth pasted 
on to the board, or the cloth is first pasted on to the board and the 
p^er'pasted'on that, so that-it may not. bo easily affected by changes 
og-wesefeher. 

8. SigMing rule — The iigMing vane or rule in ordinary use is a 
flat ruler of wood or brass* with clean e^es about 2 to eet long, and 
1 to 2 inches wide, with uprights, at either end, either firm or hii^ed. 
Thesf mds are known, respecMvely, as the eye and object ends. In 
the up .rght at eye end is a hole or narrow slit; at the object end, a wider 

with a wire or thread stretched tightly down the middle. The 



oafear edges of rule should be exactly parallel to a line drawn from the 
middle (S' the slit at eye end to the thread at object end. 

The surveyor should bo careful always to draw his lines along the 
edge of rule that touches the mark representing his station on the 
gmund and it is advisable always to use the same edge. By using 
the right hand edge, he will find it convenient for drawing his lines 
with the right hand while holding the ruler firmly in place with his 
left The use of it is to get the exact bearing or direction of objects 
from Ms point of observation, by laying it with one edge touching the 
pin or mark on the plan representing his place on the ground, with the 
eye end towards himself, then looking through the openings in the up- 
-Tights, turning the rule slowly on Ms board, till a flag or other object 
he desires to align exactly corresponds with the thread in the upright 
at object end. AH lines thus drawn will be parallel to the lines seen 
through the uprights. 

For topograpMcal surveys, where referring marks are often at a 
great distance from the observer or at much Mgher or lower elevations, 
a sighting rule with ‘‘telescopic adjustment” may he used. A small 
telescope with an upright pin inside, to mark the centre of the field 
of the glass, is fixed on a vertical stand attached to the middle of the 
ruler, workhig on a movable pivot in a vertical direction, and can be 
directed accurately to objects far above and below the observer. 

TMs object can be fairly accurately obtained with the ordinary 
sighting rule if a thread is stretched tigntly across the middle of th© 
two uprights immediately above the slits, and aligning the object by 
keeping tMs upper thread exactly in Une with the thread in the object 
end upright. 

9. Chain — ^Distances on the ground may be measured with rope, 
tapes, poles, etc. , but generally a chain is used. Chains may be of various 
lengths, those used for^ cadastral or field-to-field surveys usually, are 22 
English yards or 66 Engtfeh featrlii IeJLigfei r, -u nd - a re^ as Gunter’s 

chains. These are used because 10 square Gunter’s chains are equal 
to one acre. These chain's are divided into 100 links, the links being 
connected by small rings, and at every 10 links are hung metal pen- 
dants, for convenience in counting ; at each end is a brass handle. The 
last link at either end is shorter than the others by the length of the 
handles, so that the complete chain includes the handles. 

The acre being 10 square chains and the chain divided into 100 
linksmakesit easy to multiply and divide lengths measured by these 
chains in working out areas, the results being in acres and decimal 
"parts of an acre, that is tenths, hundredths, thousandths, etc., of an 
acre. Links are expressed in figures as decimals of a chain, thus 
2 chains 54 links are written 2*54 chains. The method of using the 
chain is given in paragraph 18. 

10. Testing chain — ^As chains are stretched by use, especially 
mowing to the junctions in rings opening out slightly, their length should 
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be carefully tested at intervals. When new they should be tested very 
frequently, especially when being used in a theodolite traverse. Every 
chain should be tested before issue ; this is usually done with steel 
standard bars 6 feet in length and about an inch square in thickness, 
at least two bars are required for the operation. A level piece of 
ground should be chosen at the central office of every survey party ; 
this should be carefully smoothened and plastered for somewhat over a 
chain in length and a foot or so in width. A line should be marked 
straight down the length with a tightly stretched string, and a square- 
topped peg driven in at one end with a line cut across the top as a mark 
for the end of chain to be applied to. One bar is then placed along the 
line with one end exactly corresponding with the mark on the peg*' 
The second bar is then placed in continuation of the first along the 
line, care being taken that the ends of the two bars are exactly in con- 
tact. The first bar is then carefully removed and the line continued. 
Eleven lengths give 66 feet, the length of chain. Here another peg 
like the first should be fixed. The chains to be tested should now be 
stretched firom the mark on one peg to that on the other. If the chain 
is short, it wdU generally be owing to one or more of the links being 
bent, and rectified by straightening them. If long, it can generally 
be sujBSciently shortened by pressing the ends of the numerous rings 
more closely together. Sometimes it may be necessary bo remove a 
ring. In both cases, care should be taken to see that the lengths from 
the 50 link pendant to the two ends of the chain axe equal. 

In large survey parties the inspector or other supervising officer 
in charge of a squad of surveyors should be supplied with a spare chain 
to be kept exclusively for testing the working chains. This should be 
sent into head office at intervals to be tested with the standard measure. 

11. Offset rods — ^Half chains or offset rods, usually 20 links in 
length, are used for measuring short distances to bends or comers o f 
fields and other objects from the main chain lines of a survey. These 
measurements are called offsets. They should never exceed two chains 
in length on a survey on the scale of 16 inches to one mile, and 
should always be run at right angles to the main lines froua which 
they are measured, see next two paragraphs. 

12, Gross staff— FoTmeilj offsets were aligned by a cross staff a 
piece of board a few inches square, fixed on a stand, and having two 
lines cut in its upper surface across the board at right angles to one 
another. In use, one of these lines is made to correspond with the 
chain line by placing it exactly on that line and looking along one silt 
on the board to a flag at the further end of line, then objects at right 
angles are seen, to correspond with the other line on either side. But 
this has been superseded by — 

IS. Optical square— The optical square (Fig. 2) which is a hol- 
low wedge of brass fixed on a small handle to which is usually hung a 



plummet at its lower end. The wedge is about 2 inches from base to 
apex and one-and-half inches at base, the two sides of the wedge are 
inclined to one an other at an angle of 45° at apex. The base or front 
of the wedge is open; on each side is a rectangular opening about three- 
fourths of an inch long by half an inch wide. Under each of these 
openings, inside the wedge, is fixed a small mirror. 

In moving along a line holding the instrument with the plummet 
and handle vertical, the open face* towards the eye of observer, and 
inclined slightly to right or left towards the object to be observed, and 
a flag on the line ahead visible through the opening on the further side 
of the wedge, any object at right angles to the observer’s position on 
the line will be seen reflected in the mirror opposite, immediately under 
the flag. 

In taking offsets when surveying, a man with offset rod, or an end 
of the offset chain, stands at the piUar, field comer, or other point 
whose position is required. The surveyor moves along the line with 
optical square in hand, facing the flag ahead, till he sees the offset 
man in the mirror immediately under, that is in exact line with tha 
flag. He notes and plots the distance on main line* from his starting 
point at back flag, to the spot where he is standing, and then measures 
and plots the offset at right angles to the main line on plan, see para- 
graphs 17 and 35. 

14. Scales — As maps and plans of any ground must of necessity 
he smaller than the ground itself, they cannot be accurately made un- 
less all the lines on the plan are in the same proportion throughout 
to the lines they represent on the ground, and aU angles formed by the 
meeting of two or more lines on the plan equal to the angles the lines 
they represent make where they meet on the ground. Thus if it is 
desirable to make a plan one-tenth the size of the ground, every line 
on the plan must be one-tenth as long as the line it represents on the 
ground, and the direction of the lines from one another on the plan 
must be the same as their direction from one another on the ground. 

Most plans must be in a very small proportion to the ground they 
represent to allow of their being shown on paper at all, and some 
convenient unit must be adopted both on the ground and on the plan 
to represent one another. 

In English measure a mile of 1,760 yards is usually adopted as the 
ground unit, and an inch on paper or other material as the plan unit. 
Then 1, 4, 8, 16 or more inches or J, 1/16, or less portions of an inch 
are used to represent a mile of ground on the plan, and the num- 
ber of inches or portions of the inch used to represent a mile is sajd 
to be the scale pi the plan. Thus the scale of a plan is said to be 1,*" 4 
8 or 16 inches to one mile. 



( e ) 


On plans or maps of large tracts of country which maybe required 
where English measure is not in use, it is also customary to give the 
proportion or scale as a fraction • Thus a scale of 4 inches to the mile 
is also the scale of because 15,840 inches X 4=^'63,360 inches =« 

one English mile, or in other words one inch on the plan represents 
15,840 times its length on the ground. 

For ready reference it is also usual to draw a line somewhere on 
the plan, and divide it into inch lengths, and one or more of these 
inch lengths are sub-divided into 8 or 10 equal parts. When if one 
inch represents a mile, each Jth part represents a furlong or Jth of a 
mile, 1/lOth represents 1/lOth of a mile, as in Fig, 3. This is 
also called a scale. 

When making a plan it is necessary to have some convenient 
measure or ruler to refer to for each measurement, from which to get 
•exact lengths proportionate to those on the ground. This is also divided 
into inches, and one or more inches into equal parts of an inch. These 
rulers made of metal, ivory, wood, cardboard or other material are 
meant when speaking of a scale as an instrument. 

Again, as a rope or other measure a mile long would be inconvenient, 
fsome smaller length must be adopted for measuring distances on the 
ground; for this purpose chains are generally used. These may be of 
any useful length as 100 yards, etc. but the one most largely used for 
field-to-field surveys is that known as Gunter’s chain of 66 feet length, 
•see paragraph 9, and the scale in use is that of 16 inches to one mile. 
There are 80 Gunter’s chain in an English mile, therefore, when 16 
inches on the scale represent one mile, one inch represents 5 chains— 
I? and if an inch is divided into 5 equal parts, each part will repre- 
sent one chain. If each of these parts is again sub-divided into 10 
equal parts, each part would represent 10 links as there are 100 links 
in a chain ; and if these could be again sub-divided into 10 equal parts 
•each of these sub-divisions would represent one link. But as this is 
^ practically impossible, a diagonal scale is used from which distances of 
>a few links can be measured. 

Thus, in Fig, 4, the entire length is divided into inches. The last 
^ inches to the left are sub-divided at the top and bottom of scale into 5 
equal parts each, or 10 parts in the 2 inches. The inch or 5 chain 
lengths to the right are connected from the top to the bottom of scale 
“by vertical lines, but the sub-divisions to the left are connected by slop- 
ing or diagonal lines, running from 0 on the lowest line, of the scale 
to 1 on the top line, from 1 on the lowest line to 2 on the top line, and 
soon. The lines at the right and left ends of the scale are also divided 
into 10 equal parts each, and these divisions are connected across by 
lines parallel to those at the top and bottom of scale. 
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If the length reqtured is in complete chains only, the distance can 
he obtained along the lowest line of scale, thus if 10 chains are required, 
the compasses are stretched across 2 inches, that is from 0 to the 10 on 
the right. If 12 chains are^ required, the compasses are stretched from 
the 10 on the right to the 2 on the left of 0, that is, 2 full inches— 10 
chains and 2 sub-divisions =2 chains. But when additional links 
are required; they are obtained from the diagonal lines. To see how 
this is done, let the following figure (Kg. 6) represent the portion of 
the diagonal scale from the vertical line 0 0 to the diagonal line 2 3, the 
distances between 0 2 and 0 3, respectively, being enlarged 10 times. 

If now perpendiculars are let fall from the points where the paral- 
lel lines a a,b h, etc., cut the sloping line 0 1, to the topmost line of 
the scale, these perpendiculars will divide the upper section 0 1 into 
10 equal parts, and if as on the diagonal scale the distance 0 1 repre- 
sents one chain, each of these suh-divisions will represent 10 links. If 
the compasses are stretched along the parallel line e e, the 5th from 
the lowest line, from the vertical line 0 0 to the sloping line 0 1, the 
distance will be the same as from 0 to 5 on the upper line, that is, 5 
sub-divisions of 10 links each, or 50 links. If the compasses are 
stretched from the vertical to the diagonal lines along a a, the first 
parallel line from the lowest line, the distance will lepresent 10 links^ 
on the second line 20 links ; on the third line, 30 links, and so on, till 
the topmost line extends to 1 chain. Again, if other perpendiculars 
were dropped midway between these, they would sub-divide the top 
line into 20 equal parts, each 5 links in length, so if a distance of 55* 
links is required, the compasses should be stretched from the line 0 0 
to the sloping line 0 1, half-way between the parallels e e and//. If 
the compasses are stretched between the same parallels at one-fourth 
of the distance from e e, the distance will be 52| links, if one-fourtK 
below//, the distance will be 67| links. 

On the larger scale, if the distance required is 2 chains 60 links, 
the distance between the sloping lines 0 1 and 2 3 will give the 2 chains^ 
and the 60 links can be got by placing one point of the compass on 
the sloping line 2 3, at/, and the other point stretched along//, to the 
vertical line 0 0. 

Eetuming to the smaller scale, if the distance lequired is 12 chains 
60 links, place one point of the compasses on the 10th line where th© 
6th parallel crosses it, stretch th© other point along this parallel line 
first to the line 0 0, which gives 10 chains, then on to the first sloping 
line which gives 60 links, then on to th© second sub-division beyond, 
which gives 2 more chains, or a total of 12*60 chains. 

Or, as less liable to cause mistakes, first measure off 12 chains on 
the lowest line, then keeping one point of the compasses on the 10th 
line, and the other on the sloping ]in© 2 3, move the compasses upward 
to the 6th parallel. 
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If this is continued to half-way between the 6th and 7th parallels 
we get 12* 65 chains. For intermediate linTca the required distance bet- 
ween the 6th and 7th parallels can be judged by the eye. 

On larger scales, as for instance 32 inches to the mile, the scale 
may be ^vided from top to bottom into 20 equal parts, when each part 
would give 5-link distances on the diagonals ; but so many lines would 
only cause confusion on a small scale. 

15. Relatim values of acres to bighos , — As mentioned in para- 
^aph 0, an acre equals 10 square Gunter’s chains, and as explained 
above on the scale of 16 inches to 1 mile, one inch on the plan repre- 
Bents 5 chains on the ground, and a square inch on the plan represents 
5x5 ohains==25 square chains or 2*5, that is, 2| acres on the ground. 
Measurements by Gunter’s chains happen also to be well adapted for 
converting^ acres into standard bighas. The standard bigha of these 
provinces is equal to 3,025 square yards, English, or 55x55 yards. 

The side of a square bigha, 55 yards, is the standard bigha chain, 
taown as the Shahjehani, it is equal to 2| Gunter’s chains, or half an 
inch on the scale of 16 inches to 1 mile, that is, 2 bigha nhai Tift to the 
inch and 2x2=4 bighas to the square inch. Thus a square inch 
represents 2 J acres or 4 bighas, and we have the proportion 2^ to 4, or 
5 to 8 between the acre and bigha. Therefore, to convert acres to 
standard bighas, multiply the acres by 8 and divide by 5. For example, 

1X8 

40 acres = — = 64 bighas. 

In Fig. 6 a square inch is divided on the lower line into 5 Gunter’s 
chains, and on the upper line into 2 bigha chains, each inch being 
equal to 110 yards. If the whole was sub-divided into square Gunter’s 
chains, we would have 25 square chains or 2*5 acres ; and as divided 
into square bigha chains, we have 4 standard bighas. 

16, Area combs . — A simple method of extracting areas of fields, 
however, small and irregular, is based on the above. The instrument 
used is called an acre comb, or, more correctly, an area comb. This 
is simply a rectangular piece of talc or other transparent material 
divided into square inches, and such smaller sub-divisions as are con- 
venient for the standard of area used. 

^ Thus in Fig. 7 the sides are first divided into inches, and each inch 
IS ftub-divided into 5 equal parts, each of which represents a chain on 
ube scale of 16 inches to 1 mile. Each small square, one square chain, 
fi^d 10 small squares an acre. 

For calculating areas in standard bighas, each inch might be sub- 
divided into 4 equal parts, when each small square would be 1/1 6th 
of a square inch, and represent |^th of a bigha. Or, if the inch squares 

(Kvided into 4 parts one way and 5 parts the other way, each 
*ju^rilateral thus formed would equal four biswas, that is l/5th of a 
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On the scale of 4 inches to a mile, each sub-division in figure would 
represent 4 chains, each small square 4X4 chaias=16 square chains, 
or 1‘6 acres. 

Similar area combs may be made to suit any required scale or 
standard of measure. T3ie local bigha differs considerably in various 
districts, and often in no easy proportion either to the acre or the 
standard bigha. 

The method of using the area comb is as follows : 

Let Fig. 8 represent an area comb placed over a field, and a scale 
of chains below {Fi^. 8a). Place one point of a pair of compasses on a 
and measure oif a, b, bring the compasses to c, d, and stretch the 
upper point to e ; bring the compasses down to g, f, and stretch the 
upper point to A ; to get the two small sections remaining place the 
compasses on i, ^ , and stretch to line to the left of i, then place the com- 
passes on h, I, and stretch across the little piece to the left but stopping 
short of the line to allow for the deficiency at the side, place the com- 
passes as now stretched on the scale of chains below and we get an 
area of 5'30 square chains or 0*63 of an acre, as for each chain length, 
the compasses have covered a square. 

Thus the area of each field or other item can be found, and when 
totalled, the entire area of a block or village, which is usually com- 
pared with the area as found by the theodohte traverse, with the ad- 
dition and subtraction of offsets, and also with the area as obtained by 
an instrument known as the planimeter, which records areas by the 
revolutions of a wheel. These being office processes, are not ex- 
plained here. 

17. Ojfset scale or slip . — ^The offset scale or slip {Figs. 9 and 10) 
is intended for plotting short distances on either side the main 
lines of a plan at right angles to those lines. 

The simplest, in ordinary use, is a small flat rule a little over 2 
inches in length and half an inch wide. The length of the scale is 
halved by a line cutting across the middle marked 0, see Fig. 9. One 
inch on either side of this line is divided into 6 equal parts, each re- 
presenting one chain on the scale of 16 inches to 1 mile. Bach chain 
length is sub-divided into 5 equal parts by shoter lines, each equal 
to 20 links. “When plotting an offset, it is very common to measure off 
the chained distance on the main line from the large scale with 
compasses, then placing the offset scale at right angles to the main line, 
the line at 0 corresponding with that line, then again with compasses 
marking off the length of offset along the edge of offset scale to right 
or left as required. This necessitates the surveyor having always in 
hand, besides his pencil and offset scale, his compasses and diagonal 
scale. These, being generally" of metal, discolour the hands and paper, 
and the points of the compasses pi^ce the paper at every offset, as the 
offset scales are graduated, there is no occasion for this. A better 
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plan is to first sub-divide the main line, AE in figure, into 5 chaim 
lengths from starting point, with compasses, before chaining along it, 
then suppose the offset is to be plotted at a point 12 chains from A ; 
place* the offset scale along line AE with the O line at C, 10 chains 
from A, with the point of pencil mark off 2 chains on the main line on 
the edge of offset scale at a, towards E, place the offset scale across 
the main line AE at right angles to it, by making the middle line 0 
lie along the main line ; with the end of line 0 at a, then with point 
of pencil mark off the required offset to right or left as b or c. 

18. Magnetic needle . — The magnetic needle {Fig. 11) in India 
is usually in a small brass rectangular box, some 6 to 8 inches long 
and an inch or so wide with a glass covering at the top. The magne- 
tized needle swings on a small pivot when undamped by means of a 
mill-headed screw at one end. Its use is to obtain an approximation to 
the true north when this has not been obtained bystellar or solar obser- 
vations. 

In topographical suiweying, especially in hilly country, it is almost 
impossible to make a correct plane table survey without it. In field- 
to-field surveys, when the plane table is used almost entirely as a 
drawing board, and when the work is done on theodolite traverse plots, 
the true north is always shown on plot, it is not needed, except on 
traversing with plane table and sighting rule over short lines, as in 
surveying large village sites, tortuous streams and through jungle, when 
deviation from the true direction is almost certain owing to the short 
distances along which the sighting rule is aligned from statiomto-station^ 
on the plan. It is also of use when a plane table survey has to be made 
of a village or block without a theodoHte plot to base the details on. 

At the N end of the rectangular box is a small graduated scale of 
degrees to right and left of a middle line marked 0. The 0 is also 
usually given at the S end for more accurate alignment of needle. 
When using it the surveyor should be careful to see that the needle 
swings freely on the pivot. 

Variation . — ^In India, the magnetic north is from about 2 to 3 degrees 
east of the true meridian, but this variation is affected by various causes, 
and that of different needles may vary from one another. 

When the magnetic north is likely to be required during the sur- 
vey of a piece of land, and the true meridian is shown on the plan, to 
find the variation of the needle, that is, its inclination from, true north, 
first place the plane table in position over some point on the ground 
which has been used as a traverse station and send flags to the nearest 
stations on either side, or to any other plotted points that may be- 
.visible. Then with sighting rule make the plotted lines on plan agree 
with those on the ground as explained in paragraph 24. When the- 
table is in position, place the needle alongside a meridional, line with 
the ]Sr and towards the north of the plan. The needle w-iU-rest opposite 
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the number of degrees by which it varies from true north. Unless 
the table is quite or very nearly level, the needle will not swing freely,. 
By gently moving the box till the needle points exactly to 0, and 
outlining the box in pencil on the plan, the plane table can afterwards 
he placed correctly to north, whenever needed, which is very useful 
when working along short lines. 

If the plan has to be made without a plot, a meridional line may 
he drawn down the middle of the sheet on which the plan is to he made, 
the needle hox placed alongside, and the hoard gently moved till the 
N end of needle points to 0, some mark as an arrow should be made 
to show which side has been adopted as the north. Care should be 
taken to see that there is no iron near enough to the table to affect the 
needle. 

When putting the needle box aside after work, always screw down 
the clamp, which removes the needle from its pivot and fixes it against 
the glass at top ; this prevents the top of pivot being worn away as 
soon as it otherwise would be. 

Surveying with plans table and chain without theodolite 

traverse plots. 

19. Placing table in position. — Having examined the screws of 
the plane table and fixed a sheet of paper on the hoard, see paragraph 7, 
the surveyor should choose some point on the outer limits of the block 
to he surveyed, as a starting point. If the block is a village, he should 
choose one of the platforms marking the trijunctions of adjoining vil- 
lages, and place flags or other marks at convenient distances, about 10 ■ 
to 15 chains apart on or near the boundary, especially at salient angles, 
hut avoiding for the present short turns and very acute comers. 

Let Pig. 12 represent the block or village to be surveyed, and the 
points A to H stations for marks placed round it. The observer chooses 
A for his starting point, and marks all his stations with pegs, and, say, 
circles some 3 feet in diameter cut in the ground round them. Next 
he places his plane table with the clamp screw under it, immediately 
over the peg or centre of his mark, and the board as level as possible, 
and chooses some point on paper to represent the point A on the ground, 
so placed, that if possible the entire block or village surveyed from this 
point will fall within the sheet. A straight line may now be drawn 
across the sheet to represent the approximate north and south. If 
supplied with a magnetic needle, he will place one edge of the box 
along this line, and loosening the clamp screw, turn the table till the N 
point of the needle is exactly opposite the 0, see paragraph 18, Clomp • 
ffee screw, mark the north side of plan with an N or arrow, and ; remove 
&e needle box. When the observer has no magnetic needle, he must 
adopt one side of his plan as the north and place it as nearly as he can’ 
judge. 
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Fix a needle or pin in the point representing A, place the sighting 
rule on the board with one edge against the pin at A, see- paragraph 8, 
and the object end ; towards the back flag at H. Then looking through 
the eye end of sighting rule, move it gently along the board, keeping 
the edge firmly against the pin at A, till the flag at H is seen to cor- 
respond exactly with the thread at object end. Place one hand on the 
rule to keep it firm, and with the other draw a pencil line along the 
edge of rule from A towards flag at H. For more careful alignment 
afterwards it is as well at the same time to draw short pencil lines along 
the edge of the rule, where it crosses the outer edges of the paper, as m. 
Then turn the rule, keeping the same edge against the pin at A, towards 
the flag at B, and align that with thereadat object end of rule ; draw 
a line from A towards B, continuing it at the edges bb. The angle at 
A on the ground, between B and H has now been plotted on the board. 
Next measure the distance on the ground between A and B, and from 
the scale plot it on the pencil line representing that line on the plan, 
see paragraph 14. 

20. Chaining . — ^In chaining, great care must be taken to see that 
the line is run straight from flag to flag. The chain is held at each 
end by a man ; one being known as the forward^ the other the back 
chainman. The forward man at starting iholds 10 pins in his hand, 
and moves in the direction of the forward flag. "V^en he has gone 
about a chain’s length, he turns to the back man, who motions him 
to right or left till he is in an exact line with the forward flag, that is, 
when, as he stoops, that flag can be seen ov^ his head. The back man 
now places the edge of his handle on the centre of mark, the other 
draws the chain tight and straight and fixes a pin in the ground at 
the edge of his handle. They then move forward another chain’s 
length, and each directs the other to move right or left till both the 
back and forward flags are seen to be in Itue with the two men ; 
this must be done at each chain. If running straight, there should be 
no occasion for the back chainman to move from his pin. A second 
pin is placed by the forward chainman, the back chainman picking up 
the pins as he reaches them. When the forward chainman has dis- 
posed of all his pins, he calls out eh dahai^ do dahai, etc., meaning one 
10 chains, two 10 chains, etc., from das ten, and receives the 10 pins 
again from the back chainman after carefully counting them. 

21. Chaining over broken ground . — Sometimes owing to broken 
or low-lying ground intervening between two flags, these are lost sight 
of when chaining from one to the other. In such cases, intermediate 
flags should be placed so that one forward and one back flag will always 
be visible. The greatest care must be taken in aligning these. 

Thus in measuring the line AB, {Fig^ 13) when the forward chain- 
man reaches the edge of dip at a, he is exactly on the line, AB, a flag 
should be placed at a, and others sent on to 6c. The front chainman 
at a will see that the back chainman is in line with A, and the back 



chaimnan will then carefully align ahc and B. Thus the flags on ceS 
wiU always be visible to chaimnan in the first dip, and he in the second 
dip. 

In chaining up and down slopes if the chain is laid on the ground 
throughout, the length obtained will be greater than the direct distance 
across. This error can be rectified by observing the angles of depression 
and elevation at each change of slope, and applying corrections to each 
section from a table of tangents, or proportional base and hypotenusaJ 
measurements. But in surveying with plane table and chain only, 
the method of measuring by “cutting links” should be adopted. 

Thus in measuring across a dip between A and B {Fig. 14), the 
forward chainman draws his chain as far as the commencement of dip 
and a few links beyond it to a, where his end of the chain, when on 
a level with A, is some 3 or 4 feet from the groxmd, say at 50 links. 
Keeping the ch ain drawn straight, he will place a staff against the 
50th link; and, holding it vertically from this to the groxmd, he marks 
the spot. But as the tendency is to slope the staff, a better plan is 
to drop a pebble from the 50th link and mark the spot. The back 
chainman comes forward, and holding the 60th link puts the end on 
the spot marked by the pebble. The forward chainman continues dovm 
the slope till he is some 3 or 4 feet lower, and again drawing the chain 
straight and level, drops another pebble, and marks the spot imder h. 
The process is repeated till the friU chain is measured, and the pin 
placed^ 

In moving forward up a slope, the back chainman raises the chain- 
dropping pebbles, and the forward man marks the distances on the 
groxmd ahead. Thus the groxmd between the flags has been practically 
divided into terraces with vertical sides, the sum of their lengths giving 
the direct distance from A to B. 

22. Traverse with plane taile . — ^Retxxming now to Plan {Fig. 12), 
the station B having been plotted, the surveyor sends a flag to 0, places 
his table over B, with the screw loosend and exactly over the mark as 
at A. If he is using a magnetic needle, he places this as at last station, 
and txxming the table till the N end of needle points to 0, clamps the 
screw, and proceeds to align his back and forward flags. If he has no 
magnetic needle, he fixes a pin in B and another in A on his plan, and 
places his sighting rule with an edge against the two pins, that is, along 
the line A B on plan, and the continuation of that line bb with the ob- 
ject end of the rule towards back flag A. He now turns the board, the 
clamp screw being loosened, till flag A exactly coincides with the 
thread at object end of rule, when the observer looks through the eye , 
end. He clamps his screw, and turns the sig h t ing rule till the flag at 
C corresponds "with the thread at object end, and draws a pencil line 
along edge from B towards 0. The second angle is now plotted. He 
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next measures and plots the distancje to C, and thus continues from 
station to station all round the block till works back to A. The 
last distance HA, and the direction of line HA on the ground, should 
corre^ond exactly with the distance and direction on the plot. If not, 
there has been an error made in going round, or more likely an error has 
gradually accumulated. In this case the surveyor should start again 
from A and work back to HG, etc., till the error has been discovered or 
eliminated. 

The plot is now ready for the survey of interior details, but before 
proceeding further, the surveyor should test the plot by aligning flags 
across the ground from north to south and east to west, and measuring 
the distances, to see if they agree exactly with the plotted distances 
of the block. The method is more fully explained in paragraph 30. 

23. Swveying from a central line . — Another method of surveying 
without a plot is first to choose a central position in the block to be 
surveyed, and to place flags at convenient (hstances, say, from 10 to 15 
chains apart, north and south of it up to the limits of the block, and care- 
fr'lly align them. Let Fig. 16 represent the block to be surveyed, and 
a, a central point chosen to start work from. Send flags to be to the 
north and de to the south of a. If the surveyor has a plane table and 
sighting rule and a magnetic needle, the simplest plan is to draw a. 
straight line across the board, and choose any central point as a on it. 
Place the magnetic needle box along the line a, and undampit^ the 
screw, turn the table till the needle points to 0. Clamp the screw after 
marking the north of board, then placing a pin in a lay the sighting 
rule along the line, and turning it first to the flags to the northward, 
motion the flagmen to right or left tin all aie exactly in line with his 
sighting rule. Then turn the rule to south and align the flags in that 
direction. If he can see right across the block he should test his line 
of flags by going to the outermost one at one end and see if all agree 
to the other end. Returning to a he can now send other flags to right 
and left as fg and Mj as nearly at right angles as he can judge, and do 
the same at the flags to north and south of a at about equal distances 
apart. The block will now have been divided into quadrilaterals. This 
can be done by eye alone almost as easily, without plane table, the 
direction of north being judged as nearly as possible. 

The surveyor should now measure aU the sides of his quadrilaterals 
from flag to flag and all the diagonals, registering the distances in 
figures in a field-book, or on a rough plot or hhaha. A mark as a peg 
should be placed at each flag station, and a circle cut in the ground 
round it. 

Then starting from the central point a on his plan, he should plot 
and mark off the distances to bed, etc., along the central line. Then 
with compasses, plot the comers of his quadrilaterals on either side the 
central line by diagonal distances, checkmg each by the side distances. 
Prom the comers of these quadrilaterals he can go on extending the plot 
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50 ths outer limits of block. TMs done, he should test the distances 
of the outer flags from one another, and, if working with a plane table, 
test their direction from one another also. If he finds aU these correct, 
he may now proceed to survey the details, see paragraph 34. 

As a rule, there will be a certain accumulation of error from the 
centre outwards by this method, therefore it should only be adopted 
when there is no plot, and the outer limits of the block to be surveyed 
run through heavy jungle or along tortuous streams where short hues 
wiU be necessary, and, in consequence, difficulty in traversing round the 
outer limits correctly. The sides of the quadrilaterals need not be equal, 
nor the angles axactly right angles, as the distances are plotted from 
the lengths of diagonals. 


Surveying on plotted sheets 

24. Testing pht . — ^When provided with a theodolite traverse plot 
^)f the village or block to be surveyed, the first duty of the surveyor is to 
test the accuracy of the plot by comparing the angles and distances of the 
Wotted stations on the plan with those on the ground. The plot of a 
i riila g e may be on one or more sheets ; when on more than one sheet, the 
Eurveyor should complete the survey of one sheet at a time, generally 
beginning at the north-west comer. 

Ohoosiog a trijunction platform or other traverse survey mark, as 
for example A in Fig. 16 he should place his plane table over it, as 
nearly level as possible, with the clamp screw over the centre. Un- 
dlamping the screw, and placing his sighting rule on the plotted line AJ 
he will turn the table till on looking through the eye end of rule, see 
jparagraph 8, the flag at J is in a direct line with the thread at object 
end. He will then clamp his screw, and turning towards the flag B wiL 
test its direction also with sighting mle, this should correspond with the 
plotted line AB. He will then chain the distance to B, and test the line 
on plan with scale and compasses. He will thus proceed from station to 
station aU round the plot, and afterwards also test aU subsidiary traverse 
iinftg and stations plotted on the sheet. 

He should note at each station what kind of mark has been used for 
permanently marking it. If a stone, he should make a A round station, 
nnd enter the word pother (stone) in pencil alongside ; when it is a day 
cylinder, he wiU write bomba (pipe). 

If in testing the accuracy of a plot any station on the ground is 
found to disagree with the station on the plot, either that on the ground 
has been moved or that on the plan has been wrongly plotted. In such 
cases, when the surveyor is under the orders of a supervising officer, he 
should at once report the case to him, and after testing again, the dis- 
■orepancy should be rectified in the foUowing manner : — ^Either correc- 
-ting the* station on the plot from that on the ground, or relaying that 
.on^the ground from the plot. 
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In the plot. Fig, 16, let station E be the one that disagrees. Placed 
the plan© table in position on station D, and carefully align flag at 0, an 
also, if possible on B, with sighting rule. Turn the sighting rule, and 
align it with the flag on required station E', draw a pencil hue in that 
direction, measure the distance to E and plot it. Next place the table 
on the newly plotted point E% aling the flag at D, turn sighting rule to 
P, and if the direction corresponds, measure the distance E' to E and 
test it on plot. If it disagrees, the operation must be repeated. 

If the plotted station is considered correct then in order to fix the 
corresponding point on the ground, place the table in position at J> 
ah'gn Cor B, then place sighting rule along plotted line DE, and 
sending a flag forward in that direction to a little beyond the required 
distance as well as can be judged, move it right or left till it exactly 
corresponds with sighting rule on line DE, measure a distance towards 
the flag equal to the plotted distance DE, and mark the spot ; place the 
table over this mark, align it with back flag at D, and then with forward 
flag at F measure the distance EF. If the direction and distance to F 
agree with plot, the desired point has been fixed, andean now be used 
as a survey station. 

When testing the accuracy of the plot as above, all measurements 
should be recorded on a duplicate plot or khaha in fugures, see example 
of khaha, Fig. 21. 

Experienced surveyors usually take offsets to the boundary pillars 
while testing the traverse lines, registering them on the khaka ; they 
also mark the field boundary cuttings {mevdh katans), and choose 
stations for the comers of quadrilaterals {marahas). With in expe- 
rienced men, each process should be carried out separately, so that the 
mind might not be distracted from the special work in hand. 

Survey of Boundaries 

25. Boundaries, — ^The accuracy of the plot having been tested if 
the entire plot is on one sheet, the surveyor should now take up the 
village boundary pillars. This should be done on the khaka, and the 
length of each offset registered in figures to be plotted afterwards. The 
khakas will be preserved until the maps have been finally checked and 
passed in office. 

Starting from the trijunction platform at the north-west comer, or 
any other convenient station, the surveyor should again chain from 
station to station, and fix each pillar by rectangular offsets as he goes, 
along, see paragraphs 13 and 15. 

As a rule, offsets should not exceed IJ chains in length, but occasion- 
ally it may be convenient to take up pillars at from 2 to 3 chains’ dis- 
tance. In such eases, offsets of 2 chains should be checked by a tie line; 
and those of 3 chains, by two tie lines. If the boundary pillars, or the 
smaller bends of streams on a boundary, be at a greater distance from 
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the traverse lines, subsidiary lines should be run and carefully checked 
by the lines, an offsets taken from them, as in Fig. 17. 

When boundary pillars are placed in fields the outer limits of the 
fields in which they lie must be surveyed. This is seldom the case, 
except when there are disputes, and the plans of the fields will be of 
nse when inquiries are being made on the subject, or when the new 
survey is compared with former settlement maps. 

26. Streams on homdmry . — When a stream forms the boundary, 
it must be surveyed from one high bank to the other, on both adjoining 
yillages. If it is too deep to chain across, a set of fines must be run 
down either bank, and connected across at intervals, by chaining where 
possible, or by intersections with sighting rule from two or more fixed 
points, as in Fig. 18. 

The name of the stream, the direction of the flow, and the heights of 
its banks, at intervals of about half a noile a part, should be entered on 
plan in pencil, and a note made as to whether the boundary is mid- 
stream, or on one bank. On narrow streams, the boundary can be 
shown by dots on one side; or when the boundary is mid-stream, by 
dots on both banks alternately. 

27. Large river on ddstrict boundaries . — ^When a large river forms, 
the boundary between two districts, the channel that the largest boats 
follow in the dry season is to be entered on plan, as it indicates the 
deep stream, which is the legal district bound^. 

28. Boundaries to he surveyed in duplicate . — The boundaries of 
every village should be surveyed aU round independently, so that those 
of adjoining villages may be mutually checked after survey. Surveyors 
in adjoining villages must not be pennitted to make comparisons or 
tracings of each other’s work. 

29. Disputed boundaries . — ^When a boundary is disputed, and 
there are two sets of pillars on the ground, both lines must be surveyed 
and shown on the plan. 

When the breadth of the dispute is narrow, the traverse lines are 
generally run between the two sets of pillars. When it is wide, one set 
of traverse lines should be run near each set of pillars. If this has not 
been done, the surveyor should run subsidi^y lines along the pillars 
furthest from traverse lines, carefully checking them by tie lines from 
the traverse plotted stations, as in Fig. 20. 

In all such cates a report must be made to supervising ofl&cer, and 
a tiacmg sent with leport showing both lines of pillars, and all fields of 
other items lying between or adjoining them up to 1^ chains on either 
side of the di pute. The surveyor must not attempt to settle or 
adjust any disputed boundary, even if asked to do so by one or both 
parties. A specimen of plot with boundaties is shown in Fig. 19. 
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Sub-^vislon into Quadrilaterals 


/so QuadrilcOerals. — Thes urveyor -will next proceed to sub-divide 

he village into quadxilaterals {maraias). When the village is fairly 
■open and the view unobstructed, this is done by aligning flags in 
steaight UTiftg across the village from traverse stations on the north to 
-those on the south, or from east to west, or to and from convenient points 
on the lines connecting the traverse stations. The^ points should be 
from 10 to 16 chains apart, longer or shorter, according to the size of the 
fields to be surveyed, and should, as a rule, follow the run of field 
boundaries, and not be run diagonally across them. They should never 
be placed inside fields, but on field boundaries {mendhs) or uncultivated 
ffrtmnd and on the outer edges of roads and pathways. Ateaohquad- 
4laterai station a peg should be driven into the ground and a Tfuvrhas 
or mark, a circle about 3 feet in diameter, cut in the ground round it, 
but without injuring standing crops. 

31 Duplioae plot or thaka,.— The plane table can now be put 
aside for a time, and the dupUcate plot or khaka used, on this the posi- 
tions of quadrilateral stations should be entered approxu^tely, and the 
lines carefully measured from one side of the plot straight on to the 
•other side. 

Evey field or other boundary crossed should be marked where the 
• chain crosses it, with a straight narrow cut on the gro^d, and the 
measured distances from starting point entered in its place approxi- 
mately on the khaka in figures. 

The distances of all quadrilateral stations and the total length of 
’Hues should be distinguished by a circle drawn round the figures , or they 
m^y be underlined. A specimen of khaka is shown in Fig. 21. _ ; 

In laving out quadrilaterals it is not necessary to have all the sides 
f^anaA nor the angles right angles; the positions of stations must depend 
on the lie of fields, and the positions of field cuttings on the trayer^ 
lines and the traverse stations. 

32. Grossing oftstoclsa.— Deep water should, if possible, 1^ avoided 
r»Ti nuadrilateral lines; on no account should any man be sent into water 
' Sevond his depth. Small sized ta^ and narrow strums imght be 
measured across by long.ropes, which should be either wet or dry 
-+^T^hout and compared with the chain q/ifer measurement, not before. 

if the breadth is too great the distance across may be obtained by 
U,^g off a rectangle by optical square in the manner shown in F^g. 

' 22 . 

TTavine placed flags on either side the tank at <:<? in line with AB 
^th optical square at c, lay off any line ce at right angles to AB ; 

■ ^^ure and plot cc, at e align a flag / at right angles to ce, at any 
“r.^Anient distance from e at ri^t angles to ce ; measure along e/ tiU 
® the point g, from which the flag at d is seen by optical square 

to be at right angles to efi plot the point g, measure the distance 

The line gd should be equal to -ec and eg equal to cd, plot d! and con- 



Houe the line to B. Small village sites and ether small obstacles maj 
tlms be avoided, if necessary. 

If a deep stream crosses the line AB as in J'igr.23, place flags at cd 
in line with AB ; at c with optical square, align a flag g at right angles 
to A c somewhat longer, than twice the distance cd as nearly as can be 
jndged. Measure along this line to any point e, about as far as d from 
c, fix a flag and plot e, continue along the line towards g to /, making 
e/ equal to ce, at /align a flag A at right angles to c/, measure along /A 
till reaching the point i from which the flags at ed, are seen to be in one 
straight line, the ditance /i equals the distance cd, plot d and con- 
tinue the line to B. 

33. Plotting from hhakr. — ^When the quadrilaterals have all been 
measured and the distances, field cuttings, etc., recorded on the kJiaka 
the surveyor must next plot these on the original plan with scale and 
compasses. He should first plot all quadrilateral stations that fall on 
the traverse lines, marking each with a small circle ; then draw pencil 
lines across from starting to closing points of each measured distance, 
and carefully test the full distance across. 

If the difference is large, it is evident the chaining is wrong and must 
be re-done, but if not more than can be accounted for by the stretching 
or contracting of paper, or perhaps too slack or too tight chaining, he 
will sub-divide the difference as follows : — Supposing the length of line 
to be 41* 50 chains, he will first measure off 1' 50 chains from one end, 
and divide the rest of the line with compasses into 4 equal parts, if the 
difference on the whole line bad been 8 links, this will have been applied 
as 2 links correction to each 10 chains. If the length of the whole line 
is 68‘ 10 chains, prolong the line at one end by 1* 90 chains, thus making 
the whole line 60 chains, and divide the whole line into 6 equal parts. 
If the total difference had been 12 links, 2 links yi^ill have been applied 
to every 10 chains. 

Once the quadrilaterals are correctly measured and plotted, it is 
evident there can be no accumuJ ation of error afterwards. The surveyor 
should te careful to place his flags exactly in line, to chain straight 
from point to point, see paragraph 18, to draw bis lines on plan per- 
fectly straight, and to carefully distribute the small differences when 
plotting. 

Having plotted the quadrilaterals, the surveyor must next plot all 
the field boundaries cut by the lines, mendh kafans, as recorded on his 
khoM. He has now num rous fixed points from which to lay down sub- . 
sidiary or sJiikmi lines for the survey of details. The kJidka can now i 
be put aside, and the rest of the work plotted directly on the board j 
plan; no more distances need be recorded in figures. The method of 1 
detail survey is given in paragraph 35. 

34. Marginal lines — vihen plot is on more than one sheet . — ^When 
the plot of a village covers more than one sheet, it is necessary, after 
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testing the plotted stations, to lay down lines on the ground corres- 
ponding with the edge or marginal lin s of adjoining sheets, unless suh- 
traverse lines and stations lie in close proximity to them, in whicn case 
it is best to carry the detail survey as far as those lines on either 
side. 

If sub-traverse lines run at a distance of 10 or 16 chains from the 
margin, the marginal lines and stations can be laid oif from these by 
laying out quadrilaterals directly from them, the required dista.nce to the 
margin. But when the’e are no sub-traverse lines near the margins, 
it will be necessary to play them off with sighting rule in the following 
manner: — ^In Fig, 24 let WXYZ represent the marginal lines of a 
sheet, and oficde plo+ted points on it. It is usual to draw lines from 
the last plotted stations near the margins of adjoining sheets, as 
ae, to those margins in the direction of the nearest stations in adjoining 
sheets, as m/. 

After testing the plotted stations, mark off the point on the line e/ 
where it crosses the margin YZ on the plot and on the ground, and 
register the distance on the Tchaka, Fix the plane table in position at 
this point, that is aligning the sighting rule along e/, next day the sight- 
ing rule along the marginal line YZ on plan, and send flags to convenient 
distances of from 10 to 16 chains apart, and carefully align them. 
Measure and plot the distances from point to point till the distance / 
Y has been covered according to plan. Place a mark with circle at Y 
and at each intermediate flag, and record the distances on khaJca. Then 
proceed to a, place the table in position aligning it on am, a6, measure 
along am till reaching the marginal line X Y, mark the point and record 
the distance on khaka. Place the table in position at this point, and 
align flag along margin as before to Y, measure, record, and plot the 
distances. The point Y as ascertained from am should exactly corres- 
pond in direction and distance with the mark previously fixed from ef ; 
if not, the process must be repeated till the lines are correctly laid. This 
done, the surveyor can now lay out his quadrilaterals, using the stations 
on margin as terminal traverse lines. 

Survey of Minor Details 

86. Survey of minor details. — ^Having completed the survey of 
boundary and plotted his quadrilaterals and meudh katans from his 
khaka, and, where necessary^ laid out marginal lines, the survey of de- 
tails can now proceed. This is done by running subsidiary or shikmi 
lines from and to fixed plotted points on the quadrilateral lines, straight 
across the quadrilaterals, generally parallel to their side, either from 
north to south or east to west, according to the general lie of fields. 
The lines should be run on, or as close to field boundaries as possible, 
so as to make the offsets short, and to cause the least possible damage 
to crops. 

Choosing some point on a field-cutting, mmdh katan, about 2 chains 
from one corner of, say, the north-west quadrilateral, the surveyor will 
fix a flag here, and another about the same distance from the opposite 
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comer of the same quadrilateral. Beginners, especially, should be 
careful to test the distances between these flags and the nearest quad- 
rilateral stations, by chaining, before beginning work on them. 

He will next chain along the line between the two flags, straight 
across, fi’om flag to flag; marldng on the ground, and at once plotting on 
his plan all field boundaries, roads, streams or other items, where 
his chain crosses them, and also taking oifsets to all junctions, comers, 
and bends of fields, and other items on either side the shihmi line up 
to 1 1/2 chains, see paragraphs 11, 13 and 15. Ifo record in figures is 
required of these. 

The field-cuttings should be marked, as before said, by straight 
narrow cuts on the ground, and the positions fixed by offsets by small 
circles. 

The full length of this subsidiary line should agree exactly with 
the distance on the plan of the points previously plotted on the quadri- 
lateral lines. Having finished work on this subsidiary line, he will 
remove his flags to other cuttings on the same lines, about 2 chains 
further, and proceed to fill up the details along this line. Th i’ l by degrees 
every item in the quadrilateral can be carefully and accurately plotted 
in its place on the pran. Work in one quadrilateral should be com- 
pleted before beginning in another. The number and distance apart of 
the subsidiary lines will depend on the size of fields, no unnecessary lines 
should be run. The .system of running these lines diagonally across 
the field should be discontinued, as they necessitate long offsets, and 
often cause needless injury to standing crops. When joining the cor- 
ners of fields on the plan, the surveyor should be careful to see that 
these lines correspond with the field boundaries on the gr’ound. 

36. Injury to crops to be avoided . — Chaining through wheat, rice, 
flax and other low crops can be done without injuring them, especially 
if the lines are run as closely as possible to the field boundaries. 

But when such crops as sugarcane, arhar, poppy, etc., are on the 
ground, it will often be necessary to measure round each field, in succes- 
sion and plot each in turn. In such cases care must be taken to connect 
i he work carefully to fixed points on quadrilaterals on all sides, 
thereby checking the intermediate chaining. If when closing on fixed 
3 oints the distances disagree the work should be re-done. 

37. All items to be carefully measured and plotted . — Every boun- 
dary on the ground, whether of stream, grove, village site, tank, 
etc., must be carefully measured and plotted, except temporary field 
boundaries when these lie inside a single tenant’s holding, such as are 
made for irrigation purposes only. Meld limits, which are on the 
ground at the time of survey, must not be omitted or obliterated , evep 
if ?o desired by the Zamindars or others, 
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38. Oompicuous objects. — ^Mile-stones, bench-marks, wells and 
other conspicuous objects must be carefully plotted from actual mea- 
surements. Conspicuous isolated trees must also be shown in their 
exact positions on plan. Of groves, only the outer limits and interior 
partitions cf ownership, if any, are to be plotted. 

Spiles of temples, if not alieady plotted by traverse, should be fixed 
by intersections with sighting rule from at least three fixed points, and 
the corners of masonry enclosures or basements fixed by offsets. This 
should be done whether the temples are in the open or lying in groves 
or jungle, as they form useful permanent marks for future work. 

39. Village sites. — Sighting rules should be used for the survey 
of village sites, all roads and thoroughfares should be carefully plotted ; 
all fields, gardens, tanks, etc., within it should be separately shown. 

40. Enlargements of small divisions.— If the side Jias to be further 
divided into separate proprietor’s shares, and the scale will not admit 
of these divisions being shown, an enlargement for the purpose should 
be made on one side of the sheet outside the plan. 

41. Enlargements of fields. — ^The same should be done when small 
blocks of fields in a village are too small for the scale. 

42. Hoads, etc. — ^All roads, cart tracks and footpath from one vil- 
lage to another should be carefully surveyed, whether they run 
through cultivation or waste, and a note made on plan of the places 
from which they come and to where they lead. . 

43. Railways. — Railway lines, with banks and fences, are to be 
carefully plotted and mapped in accordance with the conventional 
signs used in the Survey of India Departments. 

44. Masonry pillars, mile-posts^ etc . — All masorrj’ piliass, mile- 
posts, stone marks, etc., near railway lines, canals and roads, and all 
level-crossings, bridges, etc,, are to be shown. 

45. Telegraph lines. — Telegraph lines are to be shown, except 
along railways. 

46. Ravines. — ^In delineating lavines where they cover extensive 
areas, the main arteries should be carefully surveyed, as well as the 
openings of minor branches of about 10 chains in length leading from 
them, but the remainder should be treated as one block, only the outer 
limits being taken up by offsets, and the conventional sign tor lavines 
entered, see Fig. 26. 

Cultivation lying among ravine s should be careiully surveyed and 
shown in its proper place on the plan. The subsidiary lines from which 
it is surveyed should be connected on both sides to fixed points. 

47. Strips of waste. — Strips of waste which the scale admits of 
showing separately must not be included in adjacent fields, unless 
they are a portion of the cultivator’s rent paying lands, in which cas^ 
their limits will be shown by dota^ 
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48. Jungle , — ^Large blocks of jungle lying within a village may 
prevent the entire area being divided into quadrilaterals without much 
cutting and clearing. If there are no items required to be shown, lying 
within the jungle, it will suffice to run lines near enough round it to 
fix the limits by offsets, but any cultivation lying within the outer 
limits, as well as fallow, streams, roads, pathways, tanks, temples and 
other items, must be carefully surveyed and plotted. Theodolite tra- 
verse lines should always be run through jungle blocks when there are 
inlying items to be surveyed; if this has not been done, the surveyor 
must run his own lines through it so as to pass through or close to 
cultivation, etc., required to be surveyed. These lines should invariably 
start from and close on theodolite or quadrilateral stations, or fixed 
points on the lines connecting them. When it is necessary to clear 
such lines through jungle, this should, if possible, be done while the 
surveyor is engaged on other duties, by the mirddha^ or some man sent 
for the purpose* by the supervising officer, to save time. The width 
of the clearing should just sufiSce to allow of the flags being mutu- 
ally visible, and large trees shoxild be avoided. The lines should run 
through or near the edges of enclosed cultivation or fallow, temples, etc. 
and follow the windings of streams, or run along pathways and roads. 
If the lines are fairly long and not too winding, they may be accurately 
traversed by sighting rule, but when short or tortuous, the magnetic 
needle should be used to fix the table in position at each station, and the 
back flags referred to as a test, see paragraphs 8 and 18. Starting from 
the fixed point at one end of the series, he should then place his table 
in position by reference to the flags on the stations on either side, and 
his magnetic needle before drawing his forward line ahead. 

He should continue the traverse without taking up details, till he 
has closed it on some fixed point at the other end, ^ud should be care- 
ful to see that his last bearing or direction and distance are correct; if 
not, he should, work back closing to starting point till his error has 
been found or gradually eliminated, and then return to take up the 
required details. To do this before completing the series would, in 
case of a final discrepancy, only cause confusion, unless the various 
measurements were recorded in figures in a field-book or duplicate plot. 
By the constant use of the magnetic needle at each station of the 
series the result is far more likely to be correct at the closing point. 

49. Hills . — When hills lie within the lands of a village or skirts 
them, the bases only should be shown on the plan {Fig. 27) unless a 
' ontour survey is made, as otherwise the conventional signs may be 
misleading. A slight fringe of hachures may, however, be placed near 
the base as a distinguishing mark, and the word ‘'hill*’ written inside. 
Any well marked peaks, temples or other conspicuous marks on the 
top ox slopes, should be carefully fixed by intersection from not less than 
three fixed points on the plan, or by careful chaining from stations 
^low when the distance is short t 
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50. Convevitional signs . — All items other than lands under crop 
should be distinguished on the plan by the conventional signs used by 
the Survey of India Department. The surveyor should enter these in 
pencil at time of survey, and the supervising officer should ink them in 
blue colour before sending the plans to office. 

61. Beference list . — ^If hhasra writing does rot immediately fol- 
low the survey, each surveyor should keep a “reference list”. He will 
give numbers to all items other than cultivated fields on the plan and 
enter each item with its corresponding number on the reference list. 
In this he will also enter the official name of the village correctly spelt, 
as weU as any local names in use; also names of streams, hamlets, 
tanks, temples, thanas, tahsils fairs and markets vith the days on 
which these are held, and any other conspicuous objects shown on plan; 
also places from and to which roads and pathways lead, and any other 
information that may be useful in compiling a district map after- 
wards. 

62. AlVwoial lands . — Alluvial lands in a village must be marked 
o 'i from permanent lands by a thick line, and when the hhasra is written 
up, the fields and items in alluvial lands inust be numbered independent- 
ly of the rest of the village, and a separate hhasra must be prepared 
for each tract 

53. Entries on bach of sheets . — On the back of his sheet he should 
enter the name of the village in ink ; also dates of commencing and 
finishing each sheet, the total number of fields an other items, and 
tbe approximate area found by counting the number of square inches. 
One square inch on the scale of 16 inches to one mile being equal to 
6 chains by 5 chains or 2- 6 acres. 

54. Diary . — Every surveyor must keep a diary, and enter daily the 
number of fields and acres surveyed any days spent in marching, causes 
of short work at any time, rain, etc. A fortnightly return of work 
must be filled in from the diary and regularly forwarded to the Qanungo 
or Inspector. 


Computing of Areas 

65. As soon as the field-book is completeJLthe areas of every 
plot of ground given in the maps must be computed in the office ; they 
will be calculated with the area comb (rule 16) independently (a) by each 
patwari for his own villages and (6) by a professional estimator. The 
calculations will be compared and the result passed by a trained 
estimator. 

66. The two independent calculations must agree within one per 
cent before the result can be accepted. If the difference is larger, the 
examiner must again have two independent calculations made, and so 
on, until he is satisfied that the result is accurate witliin a margin of 
one per cent, 
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57. The total of each column of the area form must then be 
found, and an abstract of the column totals will be made to gi™ the 
grand total of the village by summation of fields. 

58. The area of a village by summation of fields should be 
compared with that obtained by adding up the areas of the whole squares 
and parts of the squares lying within the plan and that calculated by 
planmeter. They should all agree within 1 per cent. 
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